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(54) Power supply outlet 

(57) The invention provides for an AC- DC voltage 
conversion integrated circuit arrangement that inte- 
grates all control and protection circuits (52), as well as 
power transistors, into a single module (50). Passive 
components, such as the transformer (11) and capaci- 
tors (61-66), can comprise relatively very small compo- 



nents, as the switching frequency is in the KHz or MHz 
range and the arrangement includes one or more inte- 
grated switched mode power supply ICs (52) and can 
be provided in a wall outlet which allows for the provision 
of one of a plurality of DC voltages therefrom. 
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Description 

The present invention relates to a power supply outlet. 

In many electronic appliances and devices (e.g. electronic clocks, radios, CD players, computers, video games, 
etc.), the bulkiest part or component is the power supply arrangement which, traditionally, requires a large and heavy 
isolation transformer and, sometimes, a heat sink and a cooling fan. The power supply arrangement serves to convert 
the AC voltage from the mains outlet to a DC voltage that can be used by the system. For some systems that do not 
havea built-in powersupply arrangement (e.g. portable computers), an external AC -to- DC adapter is needed to operate 
the systems from a mains outlet. 

The reason for providing AC voltages by way of typical power outlets, such as a wall outlet, is that the only cost- 
effective way to convert an AC voltage to a DC voltage is by means of a linear power supply. Fig. 1 shows the basic 
block diagram of a linear power supply 20. An isolation transformer 22 serves two purposes. First it isolates the mains 
output from the system input in order to meet particular safety regulations. Second, it reduces the input voltage from 
a higher voltage (e.g. 110V) to a lower voltage (e.g. 5V). The reduced AC voltage is then rectified and filtered by 
rectifiers and filters 24 into a DC voltage. A series-pass element 26 regulates the output DC voltage by monitoring the 
loading at an output 28 by feedback and control means 29. A disadvantage of the linear power supply is that, due to 
the low AC input frequency (e.g. in the region of 60Hz), both the isolation transformer and the filter capacitors have to 
be relatively large. Furthermore, the power conversion efficiency of a linear power supply is only about 40 to 50%. It 
is also impractical to attempt to fit a linear power supply into a space which corresponds to the size of an AC mains 
wall outlet arrangement. Thus, due to the large size requirements, conversion from AC-to-DC voltages is typically done 
inside or within the device or system that requires the DC supply voltage. 

The progress of power semiconductor technology in recent years has made a new type of power supply potentially 
economically viable. Fig. 2 shows a block diagram of a so-called "switched mode powersupply" (SMPS) or "Class D" 
power supply 30. In an SMPS, an AC input 32 is rectified and filtered by rectifiers and filters 34 into a DC voltage 
without passing through an isolation transformer. A switching element 36 (usually one or more power transistors) will 
chop the DC voltage into a very high frequency AC voltage (up to several hundred KHz). This high frequency AC 
voltage is then fed to an isolation transformer 38 before being rectified and filtered again at rectifier and filters 40 to 
provide the output 42 of the power supply. Since the transformer and the output filter only have to deal with a very high 
frequency AC voltage, the size of the transformer and the filter capacitors can be relatively small. In addition, since the 
switch element usually dissipates very little power, the efficiency of an SMPS is usually about 70 to 80%. 

However, the advent of SMPS has disadvantageous^ only resulted in reducing the size, weight, and cost of power 
supply arrangements provided inside, or within, the device requiring the DC supply voltage. 

The present invention seeks to provide a power supply outlet exhibiting advantages over known power supply 
outlets. 

In accordance with one aspect of the present invention, there is provided for an electrical power supply wall outlet 
device comprising at least one connector and characterised by means for converting an AC voltage to a DC voltage 
and means for providing said DC voltage to said at least one connector 

In accordance with another aspect of the present invention, there is provided a method of supplying at least one 
DC voltage by way of a wall outlet for receiving an AC voltage and characterised by the step of converting said AC 
voltage to a DC voltage within said outlet so as to provide said DC voltage from said wall outlet. 

The present invention is advantageous in providing for an improved power supply distribution technique and sys- 
tem. 

The present invention can also provide for an improved AC-to-DC power supply conversion arrangement which 
can provide an improved method for powering devices which require DC supply voltages. 

Further, the present invention is particularly advantageous in providing DC voltages within an electrical outlet and 
which can take the form of an integrated circuit device for converting AC voltages to DC voltages. 

As will be appreciated, it is a particular preferred feature of the present invention that AC-to-DC voltages can be 
converted by a device attached to the normally inaccessible side of a wall outlet. 

An AC-DC voltage conversion integrated circuit (IC) of the present design can integrate all the control and protection 
circuits, as well as the power transistors, into a single module. Passive components, such as the transformer and 
capacitors, are very small, as the switching frequency is in the KHz or MHz range. Including one or more integrated 
SMPS ICs in every wall outlet allows for providing a plurality of DC voltages from such outlets. 

The present invention can also provide for an electrical power supply outlet having at least one housing means 
having a first portion for access by a device requiring a supply voltage and a second portion for providing a supply 
voltage, wherein said first and second portions are coupled together, and an AC to DC voltage converter circuit coupled 
to the second portion. 

The invention is described further hereinafter, by way of example only, with reference to the accompany inq drawings 
in which: 
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Fig. 3 is a schematic illustration of a switch mode power supply; 

Fig. 4 is a block diagram of a partially integrated switched mode power supply (SMPS) integrated circuit device; 
Fig. 5 illustrates the physical structure for the partially integrated SMPS integrated circuit device of Fig.4; 
Fig. 6 illustrates the physical structure of a fully integrated SMPS; 
Fig. 7 illustrates a switch for turning off an integrated SMPS; 

Fig. 8 illustrates an integrated SMPS and switch for use as a power supply wall outlet; 
Fig. 9 illustrates a power supply wall outlet with an interconnecting electrical jack; 
Fig. 10 illustrates a wall outlet with an engaged interconnecting electrical jack; 
Fig. 11 illustrates a DC voltage selection technique using a knob; 

Figs. 1 2A-1 2B illustrate a DC voltage selection technique using different sizes and shapes of connectors and plugs; 

Fig. 13 illustrates the generation of a plurality of DC voltages from an integrated SMPS; 

Fig. 14 illustrates a technique for automatically selecting a DC voltage from a common receptacle; 

Fig. 15 illustrates a combined AC and DC wall outlet; 

Fig. 16 illustrates the internal wiring for supplying the combined outlet of Fig. 15 with both AC and DC voltages; 
Fig. 17 illustrates a side view of a combined AC/DC outlet; 
Fig. 18 illustrates a front view of a combined AC/DC outlet; 

Fig. 19 illustrates a multiplexer/selector for coupling a specified DC voltage to a receptacle; 

Fig. 20 illustrates a wall outlet with a common receptacle providing both AC and DC voltages; 

Fig. 21 illustrates an alternative wall outlet with a common receptacle for providing both AC and DC voltages; and 

Fig. 22 illustrates a plurality of plugs having different pin configurations for selecting which type of voltage (AC or 

DC) is provided by the receptacle of Fig. 21. 
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Fig. 3 shows an SMPS that can exhibit a very small form factor The SMPS 50 comprises an SMPS integrated 
circuit device 52 (hereinafter SMPS IC) and a few passive components. The following design components provide a 
10 KHz operation at 40 Watts. Element 54 is a full wave bridge rectifier, and preferably a Fagor silicon bridge rectifier, 
part number FBP04, which is available from Newark Electronics (4755 Paris Street, Denver Colorado 80239). Element 
56 is a negative temperature coefficient thermistor, preferably a Keystone NTC thermistor, stock number 81F3390, 
also available from Newark Electronics. Transformer T1 is preferably a Magnetic Triad PC-Mount Flat Pack power 
transformer, stock number 46F1942 (for 5 volts DC output), also available from Newark Electronics. The remaining 
preferred component values for Fig. 3 are shown below in Table 1 . 
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DEVICE 


VALUE 


R1 


5 ohms 


R2 


100K ohms 


R3 


40 K ohms 


R4 


60 K ohms 


R5 


10 K ohms 


R6 


1 M ohms 


C1 


60 uF 


C2 


60 uF 


C3 


10 uF 


C4 


10 uF 


C5 


1 uF 


C6 


100 uF 


C7 


100 uF 


D1 


400 V, 10A 


D2 


400 V, 10A 


D3 


400 V, 10A 



Fig. 4 is a block diagram for the SMPS IC device 52 of Fig. 3. The operation of the SMPS IC device 52 is known 
in the art, and is further described in "Power Semiconductor Devices and Circuits", by Andre A. Jaecklin, 1 992, available 
from Plenum Press, New York. The physical shape of such SMPS IC is shown in Fig. 5. 

A key feature of the present invention is that the passive components of Fig. 3 are included within a single integrated 
circuit device package for high switching frequency (MHz) applications. As shown in Fig. 6, the integrated SMPS 
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w Si f™ f ' k d ' nt ° P ' aCe A quick re,ease element ( not shown) allows for removal of the AC 

SlrH Z7 T ° r °.' her PUfPOSeS - Three P^ts 62, 64, and 66, central y located on thTi.ed crt 

Terence F^. 8 ° ^ SUrtaCe * 0356 * "* <<* * M «° < he swfch SSS 

The above embodiments, techniques and arrangements allow for the design and implementation of DC^nh/ or 
combined selective AC/DC wall outlets which can be the same size as currently ^itabte^SSTS^SiS 

a y owe? ^ * *" *° M F <* a »' * e AC ou B J£^«£SS 

the iSMPS II n^,H?n ^ 6 POW6r GVen Whe " ,he ° U,put is not ,oaded - " is desira °'e therefore to turn off 

nn^« c f ^ y ' nSerted ,he Wa " outlet or socket A Particularly effective and simple way is to have an 

T^TT^T 6 T ° U,,et A USGr Can the " ,um ofl ** iSMPS when P ow cr is not required the ou^s 
A further feature is that the outlets can automatical^ turn off when not used. A particularly preferred wa^to IZ inate 
power d.ss.pa ,on , B to bui.d an on/off switch into the connection port of the outlets themseLs Vvien sTmeone h e 
Tn .rouTl T ?K Ut,e, ' P,U9 Wi " pUSh ,he SWftch and ,urn on ,he iSMPS When the plu^emoved a spnng 
Fig 7, wrth the overall system mterconnectivity to such switch shown in Fig 8 

Referring now to Fig. 7, a microswitch 74 and springloaded actuator arm 72 are mounted to a switch housina 76 
wt^ 

no ma.fv ooen S „ iS th ° "Switch opens to its normally open position. The 

^T! Y ? T PUt ' S C ° Up,ed ,0 thS iSMPS < 54 of Fia 6 > via connectors 65 (DC ground) and 67 (switch 

outou,), wh,ch receives .SMPS pins 64 and 66. A plate 78 is press-fit or otherwise physically secured (via screws o^ 

*> Setlce the'to °' " W ° Ck ^ " d Pf ° VideS « *"PP°* holes ™«* attaching an TsMPS 

suoo^horrirfP 8 « h8 ififl ? ViCe 50 iS m ° Unted to the upper surface of the switcn 70 (using mounting 
fher^hrlnh Th 9 ^ ? " F ' 9 ?) ' H °"° W Sp3CerS 82 are P rovided and are ranged to have screws pass no 
Ln AC Znd to s ^tT T^rJ m6ChaniCa ' attaChment °' ,he CaSS 57 10 the swftch unit ^ The screws a.so^ovide 
Zwe"™* . ° m • AC Wire 86 Via d9ViCe 54) ' in ° rder to con,orm to various safety 

3, aTe the S ^o! nr T 0 ^' 0 " betWee " the iSMPS 50 and SWrtch 70 is P rovided b V P"» 62, 64 and 66 
Tnd 67 o! Fin ^iS? ' DC , 9r °" nd ' and SW,tch out P ut vo| tages, respectively, and which plug into connectors 63, 65 

Sated fnFio ?1?S2S «« ? CtriCa% ^ Via 3 C ° Pper Strip ( not shown > within a sw «ch extension 81 
swrtch extens^n JtJSTflZ i C ° nn ^ to L 65 is electrfca '^ coupled, via a copper strip (not shown) within the 
«> 88 and 90 * conductor 90. Thus, the wall outlet 80 can provide DC voltages to the conductors 

* ,aC8 ^ te 92 is attacned to ,n e switch 70 of the wall outlet 80 by two screws 94, as shown in Fig 9 The preferred 

hot lo ' a C ° n f r C,i ° n ° f aSS6mb,y 8hMm in R 9" 9 is to attac h the switch 70 to the stud of a ^ wall via tEe 1 wiS 

T^Mp| U S 01 7 ^ 3 manner SimMaf ^ techni ^- ^en mounting electrical boTes to S2 

vottaoes are £2 , m K Unted ° n l ° P ° f the SWi,Ch 70 " The wires 84 - 86 and 88, which provide AC input 

S2rte^TS2^i ? e H'? MPS ^ AftSr dryWa,,in9 ' ° r ° ,her eXterior sudacin 9 for tne wa » "as been com 
sino^'mon^K 92 ' S at,a f hed tosw,tch 70. Alternatively, the entire wall outlet 80 can be pre-assembled into a 

:ii7 a r^rJ:r mechanfca,,y anached to a support struc,ure (Lh as a s,ud >- and 

indeltoTreoloTs 9^ and^S' ws" ^T - ^ yVa " ° Ut ' et 80 ,hr ° U9h the ,aCe P ,ate 92 The < ac k 96 has two 
Tnd oretr^ri? ? ' S ,U " y enga9ed int ° the switch ' ,he conductors 88 and 90 are received, 

charocal support, to hold the jack in the outlet, and an electrical connection between the conductors 88/90 and the iack 

c^"or T,' tlP \° 2 0i jaCk 96 Wi " depr6SS the SWitch ac,ua,or 72 - The « outputs'na JSS 
and 6^ to 7! short to ground. ,nd,cat.ng that DC supply voltages should be supplied via the connecting posts 62 
and 64 to the conductors 88 and 90. A jack when fully engaged in a wall outlet is shown in Fig 10 

differTn^oS * H iSeS 3 DC ° U,,et ' S the ° C ° U,pUt Vot[a ^ leveL Differe "t devices may require 
ZZTn 9 h . ' " Sm9 3 Wr0n9 V ° l,age ,evel ™y damaae ,he devic e(s) and create safety hazards The 
invention, accordmg to one embodiment can overcome such a problem by including an adjustable ou^puf as shown 
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in Fig. 11. By turning a rotary control knob 110, a user can choose the voltage level within the output range. In the 
iSMPS, the output voltage is regulated by comparing the output voltage with a reference voltage. Therefore, by changing 
the reference voltage (through turning the knob 110), the output voltage level provided at the connector 112 can be 
readily adjusted. 

Although an adjustable outlet can give users the freedom of choosing the voltage level required, in many cases a 
user may either forget to adjust the outlet or simply will not know the correct voltage level for the device(s) they want 
to use. In view of this the invention can provide DC outlets with a selection of fixed, and commonly used, standard 
voltage levels. To seek to ensure that users use the appropriate voltage level, the size, or shape, of the outlets can be 
arranged as a function of the voltage level, as shown in Figs. 12A-12B. It should be noted that a single SMPS can 
generate several different output voltages at the same time by having several different secondary windings in the 
isolation transformer. Fig. 13 shows how this can be implemented in the iSMPS. Switch 70 (Figs. 7-10) can also be 
modified to provide additional electrical interconnections, in a similar fashion to that as shown with reference to the 
pins 62,64,66, the connectors 63,65,76, and the conductors 88,90 to accommodate the additional voltages. 

Alternatively, the same concept of having a built-in switch in the port of the outlets can be applied. However, instead 
of having an on/off switch, there can be provided an incremental multi-position switch, or linear switch, which basically 
comprises a variable resistor whose resistance depends on how far it has been pushed in. Plugs with different lengths 
for different voltage levels can be advantageously employed. As shown in Fig. 14, a 6V plug pushes the switch further 
into the outlets than the 3V plug. As a result, the resistance of the switch sets the output voltage to 6V. By doing so, 
the output voltage of the outlet can be set automatically by the device without manual adjustment. The wall outlet of 
Fig. 8 can be modified by replacing the on-off micro-switch 72 with such a linear switch. The output resistance presented 
on the switch output pin 66 now represents the desired DC voltage. This output resistance is used in a voltage divider, 
using standard techniques known in the art, to divide down, or reduce, a maximum possible DC voltage to the desired 
value. 

In some instances, it will prove advantageous to be able to obtain both AC and DC output voltages from the same 
wall outlet unit. To accommodate this, the AC outlets can be combined with the DC outlets. Fig. 15 shows a unit with 
two AC outlets and four DC outlets. Each DC outlet provides a different voltage level, using the voltage selection 
techniques previously described. Alternatively, the previously described linear switch (Fig. 1 4) or adjustment knob (Fig. 
11) can be provided in relation to the DC outlets. For the adjustment knob(s), each of the four outlets can be adjusted 
independently but four iSMPS devices, or a device to disable other ports when one port is in use (as further described 
below) are required. The iSMPS input AC voltage is provided directly to the AC plugs, as in Fig. 1 6. 

Fig. 17 illustrates the mechanical structure for such a combined AC/DC voltage supply source, and further exem- 
plifies the flexibility of this modular approach. The upper portion of the outlet 1 20 comprises a traditional AC outlet 11 4, 
having a mounting structure 118. The lower portion 116 provides the DC voltages for the upper portion (i.e. the 3 volt 
and 6 volt) of the outlet shown in Fig. 15. Fig. 18 shows a front view of wall outlet 120. The lower portion 116 has a 
cover plate 117 similar to element 92 of Figs. 9 and 10. A similar device to that shown in Figs. 17 and 18 is used to 
provide the AC and DC voltages for the lower portion (i.e. the 9 volt and 12 volt) of the outlet shown in Fig. 15. 

Continuing with Fig. 17, a DC wall outlet 116 has been modified from that shown at 80 in Fig. 8 to include AC 
connector pins 1 22 on the upper surface of the iSMPS device 1 24. These AC connector pins plug into receptacles 1 26 
on the lower surface of AC outlet 114, in order to directly supply AC voltage to such AC outlet. The device 116 is 
mechanically attached to AC outlet 114 by one or more screws 128. 

Fig. 1 9 shows how to disable all but one port when a single iSMPS device is used with a plurality of DC outlets. 
The iSMPS device provides four DC output voltages, using techniques as previously described with respect to Fig. 13. 
These DC voltages are coupled to a multiplexer or cross-bar 122. The multiplexer selectively couples one of the input 
voltages (3, 6, 9 and 1 2 volts) to its output terminal 124, based upon the select values SEL0-SEL3. These select values 
are either +5 volts or ground, depending on whether a jack is plugged into a respective input terminal. It more than 
one jack is plugged in (i. e. its select line tied to ground), the multiplexer provides the highest voltage requested. A truth 
table for the multiplexer 122 is shown below in Table 2. 



TABLE 2 



SEL0 


SEL1 


SEL2 


SEL3 




3V 


6V 


9V 


12V 


0 


0 


0 


0 




NO 


NO 


NO 


YES 


0 


0 


0 


1 




NO 


NO 


YES 


NO 


0 


0 


1 


0 




NO 


NO 


NO 


YES 


0 


0 


1 


1 




NO 


YES 


NO 


NO 


0 


1 


0 


0 




NO 


NO 


NO 


YES 



Continuation of the Table on the next page 
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SELO 



0 

0 

0 

1 

1 

1 

1 

1 

1 

1 

1 



SEL1 



1 
1 
1 
0 
0 
0 
0 

1 
1 
1 
1 



TABLE 2 (continued) 



SEL2 


SEL3 




3V 


6V 


9V 


12V 


0 


1 




NO 


NO 


YES 


NO 


1 


0 




NO 


NO 


NO 


YES 


1 


1 




YES 


NO 


NO 


NO 


0 


0 




NO 


NO 


NO 


YES 


0 


1 




NO 


NO 


YES 


NO 


1 


0 




NO 


NO 


NO 


YES 


1 


1 




NO 


YES 


NO 


NO 


0 


0 




NO 


NO 


NO 


YES 


0 


1 




NO 


NO 


YES 


NO 


1 


0 




NO 


NO 


NO 


YES 


1 


1 




NO 


NO 


NO 


NO 



Select line 0 (SELO) corresponds to the 3 volt plug, Select line 1 corresponds to the 6 volt plug Select Line 2 
ZZT V° th , e 9 ? P,U9 ' ^ Se,6Ct Une 3 (SEL3 > ^respond* to the 12 volt plug A^o^cal ZERO^O^olts) 
^soectt Si a"" - T ^ r6SPeC,iVe P,U9 ' Wh6reaS 3 '°9 ical ONE < +5 vo « s > ™^ "° iac' is plugged into S 
to ^output ? 24 ^ ' n ° U,PUt C0 ' Umn meanS ,hS COrr6S P ° ndin 9 mumplexer/selector-s Input voSag'e is coaled 

It is also possible that users may want to use the same port for either AC or DC output A simple solution is to 

2 shov^n C R q W To ^vr? T^h ^ *" °° "* 9 M * "** *» voLge^ev^f DC is cholen 

As shoZ in Fio 21 eal o? . tf ef ,K T '* * 3 **** dHto " rt ^ for DC applications 

provideTwhe^ a DC w h .n^ T ^ * * Mau1t ^ ,0r the OU,,el is tha « an AC output is 

thTSSs r ^ u 9 3 169 ' S p,U " ed into the outlet - as snown in Fi 9 22, the extra leq will turn on 

matSl « ^ t0 ° C m0de - The ' en 9 ,h °< the le 9 determines the DC output vortageteve^utcT 

mafcalr^as previously described. If an AC plug having a third ground leg needs to be accommodated then a fourth 
slot .added tothe outlet of Fig. 21 This fourth slot would receive the extra DC leg just <£SZT 

inv e ^« ^'7 en . , l inVenti ° n haVS bee " il,UStrated and ascribed above, it is to be understood that the 
.nvent.cn .s not restncted to the detail of the foregoing embodiments. 
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Claims 

1 " bTm'Sn's %^Zuo^T ° Utle i? Vi r W comprising at .east one connector (62,64,66) and characterised 

^::zfo^^%r 96 to a DC votta9e and means ,or providin9 said 00 vo,ta9e to said 

2 ' a n^f.uf ° laim f in . C, f im 1 ' indUding means < 110 ' 1 22 > ,or P rovidi "9 3 Plurality of DC voltages and for selecting 
a part.cular one of sa.d plural.ty of DC voltages for said at least one connector (62,64,66). 

3 ' Is wanl^^f ^ 2 ' < Wherein said means for sel *<^9 a particular one of said plurality of DC voltages 
^s con^Z ^Z%T anS feCeiVin9 ^ inS6rt m6mber inSertab ' e ,0 ^ COnneC,i ° n ,0 31 ' eaSt 

4 ' a vitblTesS^ ^ * Wher6in ^ h8ert membef ' When hMrt * 1 in *** wa » outlet - serves *> actuate 

5 " ^nsT^Z^Tr °!, the ? 3imS 1 1 ° 4 ' and indUdin9 6nab,in9 means ,or control,in 9 nation of said 
means lor converting said AC voltage to said DC voltage. 

6 ' bllnsenion of imed "** means com P"^ ^itch means arranged to be operated 

by .nserfon of an .nsert member (96) into said device to assist with the connection to said connector. 

7 ' p A rovir 9 a a S n ^Z^Z P T " ^ ^ ^ * — °~ A ° ™"«* 0 < ** 
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8. A device as claimed in Claim 7, further comprising selection means for selectively coupling either said AC voltage 
or said DC voltage to said at least one connector (62,64,66). 

9. A device as claimed in Claim 8, wherein said selection means is arranged to be operated by insert means asso- 
ciated with an electrical connector to be received by said outlet. 

10. A device as claimed in any one of the preceding claims, wherein said means for converting said AC voltage com- 
prises a single module. 

11. A device as claimed in Claim 10, wherein said module integrates all control and protection circuits and power 
transistors and includes a plurality of integrated switched mode power supply devices for providing at least one of 
a plurality of DC voltages. 

1 2. A method of supplying at least one DC voltage by way of a wall outlet for receiving an AC voltage and characterised 
by the step of converting said AC voltage to a DC voltage within said outlet so as to provide said DC voltage from 
said wall outlet. 

13. A method as claimed in Claim 12, wherein said AC voltage is converted by way of a single module comprising an 
integrated circuit device. 
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